The success of networked governance in emergency management is dependent on structural, spatial and temporal issues embedded to inter-organizational relationships. Network sustainability is one of such issues that requires due attention by scholars and practitioners in the field. This paper examines how network sustainability, namely, the extent to which network relationships are maintained and nurtured over time, is affected by interdependent network relationships, network complexity, and information-communication technology utilization at the local level. Based on 118 responses from a self-administered survey distributed to four countybased metropolitan regions in the State of Florida, this study provides regression analysis analyzing above-mentioned relationships. Using UCINET social network analysis software, additional analysis of network structure and dynamics in the four counties is provided for further insight. The findings suggest positive and statistically significant relationships between network relationships and information-communication technology utilization, and no statistically significant impact of network complexity as well as control variables of sector type, number of full-time employees, and yearly budget. Network analysis, on the other hand, suggests different patterns between friendship network, on the one hand, and advice networks during preparedness and response, on the other. This study contributes to the literature on networked governance applied to the field of emergency management.
Introduction
Emergency management is one of the fields under the realm of public affairs that has extensively utilized networks to deal with public issues over the past decades. The complex nature and substantive impacts of the emergency management issues proved inability of single organizations to tackle disasters and emergencies on their own, leading them to accept a collaborative approach (Kapucu & Garayev, 2011; Kapucu, Arslan, & Demiroz, 2010) as the main solution to the problem. Focusing on the all-hazard approach as the main strategy to deal with disasters, organizations responsible for emergency management find them themselves quite often involved in the midst of networked governance that envisions shared goals and responsibilities as well as a coordinated and unified action to produce a commonly-owned result (Klijn & Koppenjan, 2000) .
Networked governance, on the other hand, is a combination of inter-organizational interactions spread across timeline, the nature of which depends on the network structure and relationships, the contextual factors and the issue to be addressed. Disasters are focusing events requiring immediate response as well as actions before and after it strikes (Birkland, 1997) . The major disasters of the past few years showed that having organizations ready to respond is not enough provide for effective emergency response. One of the issues to be addressed in this regard is network sustainability -the extent to which inter-organizational relationships are maintained especially in the absence of disasters when it is deemed unnecessary the most.
Focusing on the four metropolitan regions in the State of Florida, this study analyzes how organizations responsible for emergency management in respective counties understand network 2 relationships they are involved in. The study specifically looks at how network sustainability is affected by inter-organizational relationships, network complexity, and informationcommunication technology utilization as perceived by organizations involved in those networks.
The study seeks to find answers to the following questions: Is there any relationship between inter-organizational relationships, network complexity, and information-communication technology utilization as predictor variables on the one hand, and network sustainability as outcome variable on the other? What are the structural and relational aspects of interorganizational networks involved in disaster preparedness, mitigation, response, and recovery?
To answer the research questions, a self-administered survey was electronically mailed to some 300 organizations responsible for emergency management as specified in respective counties' comprehensive emergency management plans (CEMP). Based on the 120 responses received, a multiple regression analysis was conducted to identify statistical relationships among dependent and independent variables. The results of the regression analysis was further discussed in light of the design network structures derived from CEMPs and network structures derived from responses to network-related questions in the survey. Responses to open-ended questions were also included to provide additional insight. Along with contribution to the literature on network theory, this study intends to provide managerial and policy implications with the purpose to improve emergency response and recovery. Directions for further research are also discussed.
Literature Review and Conceptual Framework
The nature of emergencies and disasters today forces for emergency response and recovery organizations to collaborate in order to be effective (Bryson, Crosby, & Stone, 2006; Callahan & Holzer, 1994; Vangen & Huxham, 2003) . Organizations with limited capacity and 3 capabilities tend to create partnerships sharing resources, information, personnel, finance and expertise (McDonald, 2008) . These partnerships are often multi-organizational and crossjurisdictional resulting in a network approach to emergency management (Weber, 2003) .
Networks have been already widely utilized in the field, though excellence in related sphere has not been achieved yet (Kapucu & Van Wart, 2006) . Networks are dynamic structure comprising multiple organizations often located in geographically different sites (Snow, Lipnack, & Stamps, 1999) . They are multisite groups of organizations with shared preferences, norms and values coming together for a common goal and relying mainly on information-communication technologies for their operations and communication (Grabowski & Roberts, 1999) .
Networks are generally characterized by flexible and non-rigid administrative structure, and nonhierarchical mode of governance, which might be considered as the positive attributes. They are often criticized, however, on the grounds of slow decision-making, leadership, trust, accountability and performance measurement issues (Ward & Wamsley, 2007) .
Nevertheless, inter-organizational and inter-governmental policy-making in emergency management is useful especially in the field of emergency management where tackling emergency incidents is almost impossible without involvement of other parties including nonprofit and for-profit sectors, and community and individuals (Mushkatel & Weschler, 1985) .
The way networks utilized, however, is a crucial factor that would impact the ultimate success (Trotter, Briody, Sengir, & Meerwarth, 2008) . More specifically, networks in emergency management have a higher chance of success if maintained and sustained over time e (Ansell & Gash, 2007; Milward & Provan, 2000) . Gillespie et al. (1993) state that network sustainability can be achieved through continuous professional personal relationship and interactions to address a continuously present and active problem. While the literature abounds on the factors 4 affecting network sustainability, this study focuses on three of them, namely network relationships, network complexity, and information-communication technology utilization.
Being a group of several actors working together to achieve a common goal in the broadest sense (Provan, Fish, & Sydow, 2007) , networks are highly dependent on interorganizational relationships and interactions (Vangen & Huxham, 2003) . This means that what makes networks work is their main characteristics. Accordingly, network sustainability is dependent upon the interdependency of organizational goals and overall preferences (DeSanctis, Staudenmayer, & Wong, 1999) . It is also organizations' interdependency in terms of resources and assets (Gulati & Gargiulo, 1999) that are shared to minimize cost and increase organizational success and productivity (Ansell & Gash, 2007; Fiszben & Lowden, 1999) . The network relationships characterized by specific asset interdependencies, thus, are the cornerstone of networks. Once this multiagency perspective (Davies, 2003) is dissolved, it is needless as well as impossible for a group of organizations to sustain their relationships in the long run. Emergency management is a specific case, in which organizations' limited capabilities and capacities often force them to collaborate with others (Jordan, 2010) in order to deal with disasters of unexpected nature, scope and severity (Thurmaier & Wood, 2002) . Therefore, emergency management extensively relies upon a multiagency collaborative approach (Drabek, Tamminga, Kilijanek, & Adams, 1981) , the success of which is parallel with the nature and the level of interdependency among network actors. In light of the literature, thus, the first hypothesis to be tested in this article is as follows: One of the factors closely related to interdependent network relationships is the concept of network complexity. Broadly speaking, network complexity is the sum of increased, multifaceted, and multidirectional relationships (Kapucu, 2009) . The literature also emphasizes network complexity as the factor to impact network sustainability. Jassawalla and Sashittal (1999) argue that network complexity is the natural phenomenon pertaining to collaborative practices. While being natural, though, complexity characterized by interactions among multiple actors with different goals and expectations is a factor that might negatively affect network performance, and, thus, sustainability (DeSanctis, Staudenmayer, & Wong, 1999) . It is imperative that network actors understand the advantages and disadvantages of network complexity, and utilize it beneficially. This article assumes that network complexity, if not managed properly especially in the context of emergencies and disasters, would result in decreased network sustainability. In other words, if organizations consider multiplicity of actors, interactions and goals as an opportunity for more successful network results, network sustainability is a higher chance; otherwise, network complexity is a hindrance that should be managed wisely. The hypothesis to be tested in regard to network complexity is as follows:
Network complexity is negatively associated with network sustainability.
The literature also links network sustainability to technical and structural factors. One of the mostly cited factors to impact network sustainability is the utilization of informationcommunication technologies (ICT). Technological innovations, social media, and electronic opportunities today are inevitable parts of creating, developing and maintaining networks (Mowshowitz, 1997) . Utilization of ICT especially for communication and information exchange is of practical benefit in network context (Dawes & Eglene, 2004) . The ICT utilized for network purposes generally minimizes transaction costs, saves time, increases network efficiency, and 6 speeds the overall process of decision-making and implementation (den Hengst & Sol, 2001 ).
Though not a completely sufficient factor, information-communication technologies, thus, contribute to the overall effectiveness of collaborative networks (Cohen & Mankin, 1999) . The main contribution of the ICT is engendered in the fastened, enhanced, facilitated, coordinated, and streamlined network operations (Kelly & Stark, 2002) . Network sustainability is far from seamless in the absence of technological tools making networks viable in today's conditions. The third and last hypothesis of this article, therefore, is as follows:
Utilization of information-communication technologies (ICT) is positively associated with network sustainability.
While many other structural and relational factors contribute to network sustainability, this study takes a modest approach to test the impact of tree factors, namely interdependent network relationships, network complexity, and information-communication technology (ICT) utilization on network sustainability. These factors are being tested in the context of emergency management field, which is further explained in the following section.
In addition to the main constructs of the study, three control variables were included in the model for testing. These variables are the agency sector (SEC), the number of full-time employees in the agency (EMP), and the budget allocated for specific agency in respective fiscal year (BDG). The main intent in adding these control variables in the model is to test whether these attributes of the organizations in this or another way affect their relationships with the overall network of agencies. The overall conceptual model of the study is shown below in Focusing more on the notion of homeland security, the DHS created the National Response Plan (NRP) that was based on existing plans with the emphasis on all-hazard, alldiscipline and collaborative approach to emergency management (Kapucu & Garayev, 2011; Bullock, Haddow, & Coppola, 2005) The historical evolution at the national level was similarly applied to and adopted at the state and local levels over time. The NRP came along with the National Incident Management System (NIMS) that proposed a nation-wide template to address disasters. The NIMS also provided the Incident Command System (ICS) that described the mechanism to provide emergency response and recovery. The local governments across the United States are expected to adopt and implement similar structures. Being the focus of the study, the county governments design their emergency management systems accordingly with slight variations due to regional, geographic, demographic, financial and administrative issues. This study specifically analyzes four counties in the State of Florida, which have emergency management systems adjusted to the national-level expectations.
The collaborative and coordinative approach at the federal level is similarly practiced at the county-level with counties having comprehensive emergency management plans (CEMP) with the number of ESFs ranging from 15 to 20 in most instances.
This study specifically focuses on the four metropolitan areas in the State of Florida (Orange, Hillsborough, Duval, and Miami-Dade Counties). The four counties were chosen based on the size of the county and population they serve, which are also major metropolitan regions in the State of Florida. These are also the counties chosen as part of the project funded by the National Science Foundation (NSF). As in the case of many other counties within the State, these four counties have independent Emergency Operation Centers (EOC) that are relatively larger in size with 5 to 10 employees. Each of these counties collaborates with 60 to 90 public, for-profit, and nonprofit organizations in times of disasters. These organizations constitute an informal network of collaborators who come together based on the scope and severity of emergencies, with significant disasters resulting mostly in full activation of the network. The following section elaborates on the methodology utilized for this study related to the four metropolitan regions.
Methodology
This study employs data derived from responses to a self-administered survey that was electronically mailed to all agencies responsible for emergency response and recovery in the four 
Findings and Results
Despite the relatively small sample size, the normality assumptions for multiple regression analysis were mostly met. The results of the analysis of the impact of interdependent network relationships, network complexity, and information-communication technology (ICT) utilization on network sustainability specify an R-square value of .197 (R=.443), accounting for around 20% of the variation in network sustainability dependent variable. The model is also statistically significant at the level of .001, namely there is less that 0.1% probability that the calculated F-value of 4.526 would happen by chance.
In addition, it was found that control variables do not have any statistically significant explanation for the variance in the dependent variables caused by independent variables. In other words, the control variables of sector, number of employees, and budget don't provide any additional explanation in the model beyond independent variables. Neither the first model composed of control variables, neither the coefficients of the control variables in the combined model were found to be statistically significant.
The coefficients of the combined model with control variables included, namely the impacts of independent and control variables in the model, are shown below in Table 1 below.
According to the table, interdependent network relationships and utilization of informationcommunication technologies (ICT) are statistically significant contributors to network sustainability. Network complexity is excluded from the model, and, thus, does not seem to contribute to network sustainability based on the data obtained for this study. The regression analysis results are not surprising especially in terms of the network relationships and ICT affecting network sustainability. These assumptions were strongly The surprising finding is related to network complexity that has been found statistically insignificant to have impact on network sustainability. This result poses a questions about the perception of network complexity by emergency management practitioners, who might or might not view multiplicity of network relationship and interaction among organizations from different sectors and levels of government and, thus, having different goals, as hindrance to network sustainability. Again, as in the case of network relationships inter-dependence, the network complexity characterized by multiplicity of interactions among actors representing diverse backgrounds and organizational goals seems to have been supported by visual diagrams; statistical results, however, lead to rejection of the assumption. These might be due to the fact that different organizations interpret network complexity in different ways, some seeing it as an advantage and some as disadvantage, despite the fact that they are supposed to work together according to the CEMPs.
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Lastly, in terms of information-communication technology (ICT) utilization, the network analysis presents highly connected networks, which is possible only through sophisticated technical capacity of organizations involved in the network. While the high level of network connectedness can be also attributed to several other factors, it is the strong belief of the authors that ICT is the main factor making it possible. In other words, ICT is a mandatory but not sufficient factor to explain the density and multiplicity of interactions and relationships in the networks in the Figure 2 . This is especially true for the collaborative preparedness and collaborative response networks that are highly dependent on ICT in today's complex environment of emergencies. Table 2 , on the other hand, provides a list of top three agencies with degree, closeness, and betweenness centrality measures for friendship, advice during preparedness and advice during response networks in four counties.
Table 2: Centrality Measures for Friendship, Advice during Preparedness and Advice during Response Networks in Four Counties
The survey also included two open-ended questions asking about how sustainable emergency management network partnerships/collaborations (1) would help enhance, and (2) would not benefit emergency management field. The responses to the former question can be The responses to the latter question, on the other hand, can be summarized in the form of agreement on the collaborative partnerships' seamlessness with minor concerns. For example, a respondent says that "partnerships "for the sake of" partnerships would waste time and funding," while another respondent argues that conflicting priorities might be a hindrance for effective collaborations. Yet another argues that organizations that are not equally trained or aware of NIMS-based structure, guidelines, and operations system may lead to inefficient and ineffective collaboration. A sample answer to the second question is as follows: "It's beneficial if both know their roles and perform them and not try to either take command or fail to support the event."
Discussion and Lessons Learned
While emergency management organizations do practice collaborative networks in today's conditions, not all of them are aware of the benefits of sustaining those collaborative relationships across time, especially in the absence of disasters. What is more, not all organizations are equipped with tools and information to enhance the network they are part of.
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This study presents several lessons to enhance collaborative networks for better and more effective results in the emergency management field.
Lesson 1: Emergency management networks are effective to the extent inter-actor relationships are enhanced for more sustainable relationships.
The actors involved in emergency management collaborative networks should take partnerships serious. It is not one-way request of information or provision of service in collaborative networks that makes network work; rather, it is constantly nurtured, enhanced and increased two-way interactions among functionally inter-related actors to increase organizational capacity and preparedness for disasters. Network actors that are isolated and disconnected from the whole might be ineffective, insufficiently prepared, unhelpful and even detrimental to the whole network especially during the response stage. Thus, network relationships among actors responsible for emergency management, including mitigation, preparedness, response and recovery stages, should be constantly increased and enhanced through sustained contact and interaction for the purposes of synchronization of information, capacity and expectations.
Lesson 2: Emergency management networks should be cautious about the nature of relationships, specifically against complexity that would damage, rather than contribute to, overall emergency preparedness and response operations.
Due the fact that collaboration involves multiple actors from different sectors and levels of government, the collaborative network relationships in emergency management are prone to be diverse and multi-faceted. This diversity may be reflected in the strength, quality, and nature of the relationships bringing complexity arising from the need to compromise multiple goals and expectations. Network actors, thus, face a burden of constantly monitoring their relationships to bring balance between internal organizational goals and network goals. On the other hand, the 20 assumption that network complexity characterized by multiplicity of organizational goals and interactions impacts network sustainability is to re-tested across other types of networks.
Lesson 3: Emergency management collaborative networks should invest into information-communication technologies (ICT) to increase network sustainability.
While the types and the nature of disasters decades ago were simplistic, the increased severity and scope of emergencies today call upon more sophisticated and coordinated 
Conclusion
This study analyzed the factors affecting network sustainability in emergency management context. The main contribution of the study is the statistically confirmed relationships between network relationships inter-dependency and information-communication technology (ICT) utilization on the one hand, and network sustainability on the other. The assumed relationship between network complexity and network sustainability was not supported by the study findings. Emergency management practitioners should consider development of network relationships and investment into ICT as important factors to increase network sustainability, which in turn would result in effective emergency preparedness and response. The 21 need for increased network relationships should not be compromised by the caution against possible network complexity.
Network sustainability is positively associated with inter-dependent network relationships and information-communication technology utilization. To achieve sustainable networks, thus, organizations need to invest into development of dense relationships and technical capacity. The structure and relationships of organizations do matter when inter-organizational networks are considered. Accordingly, inter-organizational networks in disaster preparedness and response are characterized by density of relationships structured in accordance with the phases of emergency management respectively. The network structure and relationships, and specifically the network relationships as well as technical capacity of organizations, do contribute to the sustainability, and, thus, effectiveness/efficiency of emergency preparedness, response and recovery. 
0.742
In the absence of disasters, our organization sustains relationships with other organizations
In the absence of disasters, our organization is involved in collaborative practices (such as exercises, and meetings) with organizations we collaborate during disaster response Critical relationships among disaster response agencies become formalized so that they are sustainable over time
